Given the lack of data in the literature, we examined the impact of diabetes mellitus (DM) on melanoma survival and the impact of melanoma on glycemic control. Materials & methods: Patients with melanoma with and without DM were matched 1:1 (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016). Kaplan-Meier analysis was used to estimate overall survival and progression-free survival (PFS). Mixed models compared hemoglobin A 1c (HbA 1c ) and glucose measures over time. Results: Mean HbA 1c during the year after cancer diagnosis was 6.7%. The 5-year PFS rate was 89% (95% CI: 81-99%) for patients with DM and 63% (95% CI: 51-79%) for patients without DM (p = 0.02). Conclusion: Melanoma did not adversely impact glycemic control. The DM did not adversely impact survival of patients with melanoma, although increased PFS for melanoma was seen in individuals with DM.
Methods & materials
This study was approved by the Mayo Clinic Institutional Review Board.
Case selection
Cases were selected by following protocols from our institution that were previously used to study patients with solid-organ malignancies and DM [12] [13] [14] [15] [16] . Electronic medical records of patients with melanoma that was newly diagnosed from 1 January 2005, through to 31 December 2016, were obtained from the institutional cancer registry. The following data were collected: age at melanoma diagnosis, diagnosis date, race/ethnicity and stage of tumor.
All melanoma cases were cross-referenced against a list of all patients seen during the study period who also had a known diagnosis of DM (International Classification of Diseases, Ninth Revision, diagnostic code 250.00). We excluded patients who received full or partial treatment at another institution or who had another primary cancer. From this dataset, patients with melanoma and DM were matched to patients with melanoma and without DM at a 1:1 ratio by using a greedy algorithm [17] . Variables included in the matching algorithm were age, sex and year of melanoma diagnosis. Year of melanoma diagnosis was used as a matching variable to ensure a similar duration of follow-up for patients with and without DM.
Data for glucose (all patients) and hemoglobin A 1c (HbA 1c ; for DM patients only) were obtained from the laboratory information system. Electronic health records were reviewed for additional information that included type of melanoma treatment (surgery, chemotherapy, radiotherapy, targeted therapy) and any available data about DM (date of DM diagnosis, type of therapy, complications).
Statistical analysis
Statistical analyses were conducted as previously described [12] [13] [14] [15] [16] . We compared patient characteristics and clinical variables for melanoma cases with and without DM. Continuous variables were compared by using paired t tests; categorical variables were compared with the McNemar test or Bowker test for symmetry. The HbA 1c levels during the first year after the melanoma diagnosis were evaluated with a linear mixed model in DM cases only (HbA 1c values were not obtained for most patients without DM). Time (in days) was considered a fixed effect, and an individual-specific random effect was included. A similar approach was used to model glucose values during the first year. Fixed effects included days, case or control designation, an interaction term (days × case-control designation) and patient-specific and matched pair-specific random effects. Optimal glycemic control was defined as a mean glucose value less than 126 mg/dl during the year after DM diagnosis [18] .
Overall survival (OS) was defined as the time from melanoma diagnosis until death from any cause. For OS, patients were considered censored at the last known follow-up date when death was not documented. Progressionfree survival (PFS) was defined as the time from melanoma diagnosis until disease progression or death from any cause. Patients were considered censored at the last known date they were alive and disease progression had not occurred. The 5-year OS and PFS were estimated with the Kaplan-Meier method and compared between groups by using the log-rank test. A Cox proportional hazards regression model was used to assess DM effect on OS and PFS and included matched pairs as the stratum variable. Sample size was based on the number of available cases from 2005 through 2016 and provided 80% power to detect a difference in hazard ratio (HR) of 1.9 or greater for OS. The p-values < 0.05 were considered statistically significant. SAS version 9.4 (SAS Institute Inc, NC, USA) was used for analysis. Data for continuous variables were reported as mean (SD) and categorical variables as percentage.
Results

Patient characteristics
We analyzed 56 matched pairs ( 
Treatment information
The median (range) self-reported time since DM diagnosis was 11 (1-40) years ( Table 2 ). The majority of patients (n = 29 [56%]) were receiving oral therapy for DM at the time of their melanoma diagnosis. Only four patients (8%) changed their DM therapy within 1 year after the melanoma diagnosis; 11 patients (21%) used insulin within 1 year after the cancer diagnosis. Complications from DM were documented for seven patients (13%) within 1 year after the melanoma diagnosis. Nonsurgical treatments for melanoma were required for only a few patients (Table 1 ). More patients in the non-DM group received immunotherapy (5 [8.9%] vs [0%]; p = 0.046). Among DM patients, four changed their DM therapy within 1 year of the melanoma diagnosis: one to oral therapy, one to oral plus insulin therapy and two to insulin therapy. Corticosteroids were taken by five patients with DM (9%) and two patients without DM (4%).
Melanoma effect on DM and metabolic control
The HbA 1c data, measured within 1 year after the melanoma diagnosis, were available for 35 of the 56 patients (63%) with DM. Mean (SD) HbA 1c was 6.7% (1.0%) and 12 (34%) had at least one HbA 1c measurement of 7.0% or greater within 1 year of the melanoma diagnosis. The HbA 1c did not significantly change during the 1 year after the melanoma diagnosis (p = 0.72).
Mean glucose values were significantly different between patients with DM (141 mg/dl) and patients without DM (103 mg/dl; p = 0.002). Neither group had a decline in glucose values during the 1 year after cancer diagnosis; we did not observe any significant interaction effect (p = 0.82) or time effect (p = 0.99).
DM effect on melanoma survival
The estimated 5-year OS rate was 89% (95% CI: 80-99%) for patients with DM versus 70% (95% CI: 58-85%) for patients without DM (Figure 1) . The HR for matched pairs was 0.42 (95% CI: 0.15-1.18; p = 0.10). We observed no differences in OS among patients with and without DM on the basis of glucose control.
The estimated 5-year PFS rate was 89% (95% CI: 81-99%) for patients with DM and 63% (95% CI: 51-79%) for patients without DM (Figure 2) . The HR for matched pairs was 0.29 (95% CI: 0.11-0.80; p = 0.02). Nine patients (DM, n = 2; non-DM, n = 7) received chemotherapy (n = 3), immunotherapy (n = 5) or targeted therapy (n = 4). In this subgroup, PFS was significantly decreased compared with patients who did not receive any of these therapies (p < 0.001). Median PFS for the treated patients was 16.3 (95% CI: 11.0-33.5) months; PFS was not estimated for patients not receiving therapy.
Discussion
Previous published studies examining the relationship between malignancies and outcomes in patients with DM and concomitant cancer have focused primarily on solid-organ tumors [12] [13] [14] [15] [16] . Multiple studies from our institution have not shown a negative effect of DM across cancer types (e.g., breast, lung, colorectal, pancreas, prostate).
The DM was not associated with an increased mortality rate for any of those cancer types and the concurrent malignancy did not affect glycemic control during a 1-year period. Due to the paucity of published data on individual-level outcomes for patients with cutaneous malignancies and DM, we performed a similar case-control analysis to evaluate the effects of DM on melanoma survival and the effects of melanoma on glycemic control. To our knowledge, this is the first report of an analysis exploring outcomes of patients with DM and melanoma.
Similar to findings reported with solid-organ malignancies, the results of the current study showed that DM also did not affect OS of patients with melanoma. Additionally, melanoma and its associated treatment did not adversely affect glycemic control during the 1 year that it was assessed. However, in contrast to the studies of solid-organ malignancies, we noted a significant and unanticipated improvement in the 5-year PFS in patients with DM.
No mechanism clearly explains why patients with DM had a superior 5-year PFS rate. We did have significantly more patients without DM receiving immunotherapy and the PFS rate was lower in those receiving immunotherapy, chemotherapy or targeted therapy; the therapeutic approach may have affected outcome. Additionally, a recent study of individuals with metastatic melanoma undergoing systemic chemotherapy reported that obese individuals had an improved PFS [19] and obesity rates were higher in our subgroup of patients with DM. Other possible mechanisms that might link increased BMI with improved outcomes are increased circulating estrogens and alternative mechanisms of fatty acid metabolism [20] . Studies in melanoma found benefit with the addition of tamoxifen to chemotherapy in obese males and obese postmenopausal females [21] . Thus, estrogens may have a complex role in melanoma with regard to cell growth, differentiation and therapeutic resistance.
Angiogenesis is thought to have a critical role in melanoma progression and metastasis through the production of growth factors that affect the extracellular matrix proteins, matrix metalloproteases and integrins [22] . Thus, reductions in growth factor production or activity may have inhibitory effects on melanoma; for example, bevacizumab, a monoclonal antibody to VEGF, improves the disease-free survival rate in patients with advanced melanoma [23] . The microvascular disease seen in patients with DM likewise might affect PFS rates, with microvascular disease having an inherent antineovascularization effect in peripheral tissues such as the skin. Microvascular insufficiency in DM may alter the cytokine milieu to inhibit angiogenesis; its effects potentially can act synergistically with other therapies. However, angiogenesis in DM and obesity is complex, with tissue-specific paradoxes that include neovascularization leading to microvascular complications [24] .
Concomitant medications that are common in DM may improve survival. A recent cohort study of propranolol in invasive melanoma showed an 80% lower risk of recurrence [25] . Additionally, diabetic medications may affect melanoma outcome by modulating the effects of systemic therapy. An active area of melanoma research is the use of diabetic medications such as phenformin, the precursor for metformin, with BRAF inhibitors. Phenformin can enhance the treatment benefit of BRAF inhibition in melanoma [26] and enhance the efficacy of extracellular signal-regulated kinase inhibition in NF1-mutated melanoma [27] . Finally, an ongoing clinical trial is examining the use of phenformin in combination with dabrafenib and trametinib in patients with BRAF-mutated melanoma (ClinicalTrials.gov identifier: NCT03026517).
We acknowledge limitations to our study, which was retrospectively conducted and included a relatively small sample of patients. Findings should be confirmed in a larger patient cohort that is treated for a longer period. Also, the cohort was mostly white and with early-stage melanoma and results may be less generalizable to patients of other racial/ethnic backgrounds or with more advanced melanoma. Finally, data on cause of death were not available.
Future perspective
This study showed that melanoma did not affect glycemic control during the 1-year period after the melanoma diagnosis, and DM did not increase mortality risk from melanoma. From this perspective, some degree of reassurance can be offered to the patient. The superior 5-year PFS rate in patients with DM is thought provoking and warrants further study.
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Summary points
• The impact of melanoma on diabetes mellitus (DM) and the impact of DM on survival of patients with melanoma remain unknown on individual levels.
• Patients with DM had a higher BMI (p = 0.03).
• Among those with DM, the mean hemoglobin A1c during the year after their cancer diagnosis was 6.7%.
• Mean glucose values were significantly different (p = 0.002) between patients with DM (141 mg/dl) and patients without DM (103 mg/dl).
• The estimated 5-year overall survival rate was 89% (95% CI: 80-99%) for patients with DM versus 70% (95% CI: 58-85%) for patients without DM. The HR for matched pairs was 0.42 (95% CI: 0.15-1.18; p = 0.10).
• The estimated 5-year progression-free survival rate was 89% (95% CI: 81-99%) for patients with DM and 63% (95% CI: 51-79%) for patients without DM. The HR for matched pairs was 0.29 (95% CI: 0.11-0.80; p = 0.02).
